The occurrence, antibacterial susceptibility profile and pathogenic potentials of respiratory mycoplasmas in chickens in Nsukka Agro-ecological zone were evaluated. Mycoplasmas were isolated from 12(3.8%) of the 312 chickens sampled.3 (20%) of the farms were positive for mycoplasmas and were all located in Nsukka LGA. Out of 12 mycoplasmas isolated, 7(58%) were Mycoplasma species, while 5 (42%) were Ureaplasma species. The Mycoplasma species were isolated from clinically healthy birds while the Ureaplasma species were from birds with respiratory signs. Ten (83.3%) of the isolates belonged to glucose-positive arginine-negative group while 2 (16.7%) belonged to glucose-negative arginine-negative group. Four (33.3%) of the isolates were sensitive to erythromycin, while 5 (41.7%), 9 (75%), 11 (91.7%), 11 (91.7%) were sensitive to streptomicin, gentamicin, tetracycline and ciprofloxacin respectively. Experimental infection was established and mycoplasmas were re-isolated from all infected groups. No clinical signs were observed in any of the infected birds. Oxytetracycline treated birds remained infected throughout the duration of experiment. Infection in the Tylosindoxycycline and tylosin (pure) treated groups was eliminated by days 6 and 3 post treatment respectively. This study has demonstrated that chickens, especially layers, in Nsukka agroecological zone harbour mycoplasmas that are highly sensitive to tylosin.
Introduction
Poultry production plays an important role in animal industry in Nigeria. It is an activity that provides a good source of affordable high quality animal proteins (Buim et al., 2009 ) engendered by its simple and short production cycle. Poultry meat and products are globally acceptable because there is little or no socio-cultural and religious bias against consumption of these products. Avian mycoplasmosis remains one of the major health problems affecting poultry species and limiting their productivity (Thu et al., 2003) . The disease is associated with significant economic loses (Ahmad, 2008; Silva et al., 2008) in terms of reduced weight gain and egg production and increased embryo mortality (Bradbury, 2001; Thu et al., 2003; OIE, 2007) . Avian mycoplasmosis is caused by four commonly recognised pathogens namely: Mycoplasma gallisepticum, Mycoplasma synoviae, Mycoplasma meleagridis and Mycoplasma iowae (Bradbury, 2001; Thu et al., 2003; Bradbury, 2005; Hossain et al., 2007; OIE, 2007; Buim et al., 2009) . Of these, Mycoplasma gallisepticum (MG) and Mycoplasma synoviae (MS) are pathogenic for chickens and turkeys while M. iowae affects primarily turkeys and M. meleagridis infects turkeys only (Kleven, 1998; Ahmad et al., 2008) . Apart from these four Mycoplasma species, other mycoplasmas that have been incriminated in mycoplasma infections in birds include: Mycoplasma anseris (affects geese), M. columbinum (affects pigeons), M. gallinarum, M. gallinaceum, M. lipofaciens and M. pullorum which affects chickens (Whithear, 1976) . Mycoplasma gallisepticum is the most economically significant mycoplasmal pathogen of gallinaceous and certain non-gallinaceous avian species (Osman et al., 2009) and causes chronic respiratory disease (CRD) in chickens and infectious sinusitis in turkeys (Osman et al., 2009) . It causes a reduction in weight gain, decrease in feed conversion efficiency and meat quality, increase mortality rate in broilers (Thu et al., 2003) . Ureaplasma species have also been found to be pathogenic to chickens and turkeys causing air sacculitis (Stipkovits et al., 1978) . In Nigeria, studies on mycoplasma infections have been conducted mainly in cattle (Aliyu et al., 2000; Ajuwape et al., 2006) and small ruminants (Egwu et al., 2012) . The first isolation of mycoplasma organism in birds in Nigeria was reported by Molokwu and Adegboye, (1988) who isolated the organism from pigeons. Orajaka et al., (2002) reported a seroepidemiologic survey of mycoplasmal infections in native and exotic chickens in Nsukka District of South Eastern Nigeria. Apart from the report of Molokwu and Adegboye (1988) , no other documented information is available on isolation of avian mycoplasmas in Nigeria. This study was therefore conducted to determine the occurrence of respiratory mycoplasma infection in chickens in Nsukka Agroecological zone, determine the antibacterial susceptibility profile of the mycoplasma isolates, assess the pathogenic potentials of the isolates and evaluate the treatment options following experimental infection.
Materials and Methods

Study Area
The study was conducted in Nsukka Agro- (Wikipedia, 2002) . Three (3) contiguous local government areas of the Zone namely; Nsukka, Igbo Eze South and Udenu Local Government Areas were purposively selected for the study based on accessibility to the farm and willingness of the farm owner to allow samples to be collected from the birds.
Sampling
Chickens (broilers and layers) of all ages (broilers: day old to 8 weeks; layers: 8 -18 weeks) and reared in battery cages and on deep litter) in poultry farms from the selected study areas constituted the study population. On each farm, proportionate sampling method was used to randomly sample 5% of the birds in the farm. A total of 312 chickens from 15 poultry farm/units in the study area were screened for mycoplasma organisms.
Sample Collection
Specimens for isolation of mycoplasmas were obtained from the palatine cleft (which is situated on the dorsal aspect of the buccal cavity) of birds using sterile swab sticks (Whithear, 1976) . The samples were collected over a period of 6 months (from October, 2010 -April, 2011).
Isolation and Identification of Mycoplasma Organisms
Each swab sample was inoculated on mycoplasma agar base (Oxoid®; CM 0401B) supplemented with mycoplasma supplement G (Oxoid®; SR0059C) not later than one hour after collection. Inoculated plates were incubated at 370C in the presence of 5% CO2 and examined every 2 days, with a stereomicroscope, for presence of micro-colonies suggestive of Mycoplasma. Microcolonies were purified by cutting out the portion of the agar containing the micro-colonies, inoculating the cut portion in mycoplasma broth (Oxoid®; CM 0403B) supplemented with mycoplasma supplement G followed by incubating at 370C in the presence of 5% CO2 for 3 days. The broth cultures were subcultured on fresh mycoplasma agar plates and the purification process repeated. Purified microcolonies were subjected to reversion test following the procedures described by Koshimizu et al., (1987) . Each isolate was passaged thrice in mycoplasma broth without antimicrobial supplementation and subsequently inoculated on antimicrobial-free mycoplasma agar. Isolates that failed to revert were tested for digitonin sensitivity according to the procedures described by Whithear (1976) . Briefly, 0.01 ml of 3-days broth culture of each suspect isolate was spread onto the surface of mycoplasma agar plate. Inoculated plates were allowed to stand for 15 minutes after which a 6 mm sterile filter paper disc impregnated with 25 µl of digitonin (1.5% w/v in 95% ethanol) was placed at the centre of each inoculated plate. The plates were incubated at 370C in the presence of 5% CO2 for 3-10 days and zones of inhibition were measured from the edge of the disc to the nearest millimetre using a metre rule. Inhibition of 5 mm or more was considered positive. Digitonin sensitive isolates were subjected to arginine hydrolysis, urea hydrolysis and glucose fermentation following the procedures described by Sori et al., (2005) . Digitonin sensitive and urea hydrolysis negative (no change in the yellow colour of medium) isolates were considered as Mycoplasmas while those that were digitonin sensitive and urea hydrolysis positive (change of colour of medium from yellow to deep purplish-red) were considered as Ureaplasmas. On the basis of glucose fermentation (indicated by change of colour of medium from pink to yellow) and arginine hydrolysis (colour change from yellow to deep purplish-red) the mycoplasmas were group into: glucose-positive arginine-positive, glucose-positive argininenegative, glucose-negative argininepositive and glucose-negative arginine-negative.
Antibiotic Sensitivity Test
This was performed as described by Khan et al., (2010) . Five antimicrobial agents (Oxoid ®, England) were used. These were ciprofloxacin (5µg), erythromycin (15 µg), gentamycin (10 µg), streptomycin (10 µg) and tetracycline (30 µg). All antibiotic discs were stored at -20°C before use. Using a sterile swab, a 48 hour mycoplasma broth culture of each mycoplasma isolate was evenly spread on the surfaces of mycoplasma agar plates. The plates were left at 25°C for 24 hours under sterile conditions. The antibiotic discs were then applied onto the surface of the medium and the culture plates were incubated at 37°C for 72 hours in the presence of 5% CO2. The plates were then examined under a stereo microscope and zones of inhibition were measured with a meter rule from the edge of the discs. Zones of inhibition that were 5mm or more were considered sensitive while those less than 5mm were considered resistant.
Assessment of the Pathogenic Potential of the Mycoplasma Isolates
This was done according to the procedure described by Silva et al., (2008) . Twenty-four dayold cockerel chicks were used for this experiment. They were housed in deep litter and feed and water were provided ad libitum. The chicks were allowed to acclimatize for 7 days before start of the experiment. During this period of acclimatization palatine cleft swab samples from each chick were collected and processed for mycoplasma isolation as described above; his was to ensure that the chicks used were free from mycoplasma infection. The chicks were randomly assigned to 4 groups (A, B, C and D) of 6 birds per group. Chicks in groups A, B and C were infected intranasally (IN) with 0.1 ml of an overnight mycoplasma broth culture of isolate EL1A, L95 and AL39D, respectively, while those in group D were administered 0.1 ml of sterile mycoplasma broth intranasally and served as control group. Following experimental infection, the birds were monitored daily for up to 42 days for clinical signs such as cough, respiratory rales, nasal and ocular discharges. Samples were also taken from the palatine cleft of both the infected and the control birds on days 14, 21, 28, 35 and 42 postinfection and processed for mycoplasma isolation.
Determination of the Best Treatment Option
Thirty day-old cockerel chicks were used for this experiment. Before the onset of the experiment, the chicks were allowed to acclimatise for 7 days. During this period of acclimatization, were screened to ensure that they were negative for mycoplasmas. The chicks were randomly assigned to 5 groups (A -E) of 6 birds each. Chicks in groups A -D were all experimentally infected intranasally with 0.1ml of mycoplasma broth culture of isolate EL1A. Group E (control) chicks were administered 0.1ml of sterile mycoplasma broth intranasally. Experimentally infected birds were monitored daily for establishment of mycoplasma infection; this was done by culturing the palatine cleft as described above. Seven days post-establishment of infection in each group, the birds were treated following drug manufacturers' recommendation as follows: Group 1 -oxytetracycline at dose rate of 2.5 mg/ml; Group 2 -tylosin tartrate/doxycycline hyclate (0.7 mg/ml); Group 3 -pure tylosin (0.5 mg/ml). All treatments were administered through drinking water and lasted for 5 days. Birds in Group 4 were infected but not treated while those in Group 5 were not infected and not treated. Birds in all the groups were closely monitored to ensure adequate intake of medicated water. During the period of treatment and up to 4 days after completion of treatment, palatine cleft swab samples were collected on daily basis from all birds in the experimental groups and processed for mycoplasma isolation. The time of clearance of the infection was noted for each treatment option.
Results
Micro-colonies presenting fried-egg appearance (Fig 1) were obtained from 12 of the 312 swab samples cultured. The 12 isolates were sensitive to digitonin and negative for the reversion test. Thus, 3.8% of the 312 chickens sampled were positive for mycoplasmas. The positive samples were obtained from 3 (20%) of the 15 farms studied; the three farms were located in Nsukka Local Government Area (Table 1) . Out of the 12 mycoplasmas isolated, 5 (41.7%) hydrolyzed urea and were therefore identified as Ureaplasma species while the remaining 7 (58.3% did not hydrolyzed urea and were identified as Mycoplasma species). The five Ureaplasma and one Mycoplasma species (L99) were isolated from a layer flock with respiratory signs (cough and nasal discharges). Ten (83.3%) of the mycoplasmas were glucose-positive argininenegative while two (16.7%) were glucose-negative arginine-negative (Table 2) . Eight (66.7%) of the mycoplasmas were resistant to erythromycin while 8.3 % were resistant to tetracycline and ciprofloxacin (Table 3) . Only one isolate was sensitive to all the five antimicrobial agents tested. Five of the isolates were resistant to one antimicrobial agent while five and one were resistant to 2-3 and more than 3 agents, respectively. Seven resistance patterns were recorded with erythromycin-streptomycin (4 isolates) being the predominant pattern (Table 4) . No clinical signs suggestive of mycoplasma infection (cough, nasal or ocular discharges) as well as mortalities were recorded in any of the experimentally infected birds throughout the experimental period. Palatine cleft swab samples from all the infected birds yielded no mycoplasmal growth by day 7 post infection. However, by 14 days post-infection, 1, 4 and 2 birds in groups A, B and C, respectively, were positive for mycoplasma (Table 5) . By day 35 post-infection, 3, 6 and 5 birds in groups A, B and C, respectively, were positive for mycoplasma. Throughout the treatment period (day 1 to 9) mycoplasma was isolated from the palatine cleft of all the experimentally infected and tetracycline treated (group 1) birds (Table 6) . By the 5th day of treatment with tylosin-doxycycline (group 2), swab sample from only one bird was positive for mycoplasma while from the 6th day till end of the experiment, none of the samples from the birds in this group yielded mycoplasma. No mycoplasma was isolated from the birds treated with pure tylosin (group 3) by the 3rd day till the last day of treatment.
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Discussion
In this study the occurrence of respiratory mycoplasma infection in chickens in Nsukka agroecological zone, the antibacterial susceptibility profile of the mycoplasma isolates, the pathogenic potentials of the isolates and treatment options in experimental infection were investigated. Mycoplasmas were isolated from 12 (3.8%) of the 312 chickens sampled. This indicates the existence of mycoplasma infection in the study area. All the isolates were obtained from 3 farms located in Nsukka LGA and it is unclear why no isolations were made from farms found in the other two LGAs of the zone. This isolation rate is lower than the 22.6% reported by Koshimizu et al., (1987) from apparently healthy chickens in Japan. It is also lower than the 18.68% isolation rate obtained by Zahraa et al., (2011) in Malaysia, 21 .67% recorded by Heleili et al., (2011) in Eastern Algeria and 19.7% recorded by Osman et al., (2009) in Egypt. Differences in the chicken rearing condition as well as in the isolation protocols may be responsible for these differences in the isolation rates. Out of 12 mycoplasmas isolated 7 (58%) were Mycoplasma species while 5 (42%) were Ureaplasma species. The Mycoplasma species were isolated from clinically healthy birds while the Ureaplasma species were from birds with respiratory signs.
This appears to be the first report on isolation of ureaplasmas in chickens in Nigeria although available literature suggests that the first published report on MG isolation in turkeys in Nigeria was in 1984 (Fatunmbi, 1984) .
In this present study, all isolates were obtained from layers while none was obtained from broilers. Gharaibeh and Al Roussan (2008) reported a higher Mycoplasma gallisepticum isolation rate in layers (38.1%) than in broilers (31.6%) in Jordan while in Banta, Eastern Algeria, Heleili et al., (2011) recorded a higher rate in broilers (19.56%) than in layers (2.09%). It thus appears that there is no specific pattern of occurrence of mycoplasmas with respect to chicken type. It is surprising that in this study, Ureaplasma species were isolated from the flock exhibiting respiratory signs while Mycoplasma species were recovered from birds without any clinical signs suggestive of respiratory mycoplasmosis. The results indicate that Ureaplasma infection can lead to clinical manifestation. In the present study, experimental infection with Mycoplasma or Ureaplasma did not reproduce any clinical signs of mycoplasmosis. This observation is in agreement with an earlier report by Koshimizu et al., (1982) indicating that predisposing factors such as stress, intercurrent infections, overcrowding and poor ventilation contribute to the resultant disease as has been reported by Obori, (2005) and OIE, (2007) . Majority (83.3%) isolates in this study belonged to glucose-positive, arginine-negative group, a finding similar to that of Sori et al., (2005) . The result of the antibiotic sensitivity test in this study showed that 11 (91.7%) out of the 12 isolates were sensitive to tetracycline. This is similar to the results of studies reported by Sori et al., (2005) and Tanner and Wu, (1992) . Both reported that their isolates were sensitive to Tetracycline. Most (66.7%) of the isolates in this study were resistant to erythromycin and this result is in agreement with the results of Behbahan et al., (2008) and Bradbury et al., (1994) where it was observed that erythromycin was less effective in its activity against their isolates. Although the in vitro sensitivity conducted in the current studies revealed a high sensitivity (91.7%) of the mycoplasmas to tetracycline, treatment with tetracycline did not completely clear the organism from the experimentally infected chicks unlike treatment with Tylodox® (tylosin and doxycycline) and pure tylosin (100%) which completely cleared the infection from the experimentally infected chicks. This suggests that in the study area, the drug of choice for treatment of respiratory mycoplasmosis is tylosin or drug combinations containing tylosin. However, irrational use of this drug should be discouraged so as to avoid development of drug resistance.
The pathogenicity assay using day old cockerels recorded no clinical signs and no mortality. This is in agreement with Koshimizu et al., (1982) . This result suggests that the mycoplasmas were either non-pathogenic or have lost their pathogenicity as a result of frequent sub culturing in the laboratory; this has been reported as a possibility by Levisohn et al., (1986) as the isolates were sub cultured before use in the experimental infection. Possible loss of pathogenicity of the isolates could also be due to prolonged storage of the isolates before use in the experimental infection which has also been reported as a possibility by Jean et al., (1970) .
In conclusion, this study has demonstrated that chickens, especially layers, in Nsukka agroecological zone harbour mycoplasmas. Thus, periodic screening of birds in the area for mycoplasmosis is encouraged. At the moment, the drug of choice for treatment of cases of avian mycoplasmosis in the study area is tylosin or drug preparation containing tylosin. However care should be taken to prevent indiscriminate use of this drug to avoid emergence of resistant strains.
